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[57] ABSTRACT

An improved, compact, impact-resistant quartz crystal
oscillator is provided for a timepiece. The oscillator
comprises a substantially flat hermetically sealed enve-
lope, a terminal tag provided with a contact pin fixedly
mounted in the envelope, and a support therefor com-
prising a substantially annular support member pro-
vided with an annular rib on the periphery thereof de-
fined between opposed elbows therein. One of the el-
bows provides a groove seat registered with the periph-
ery of an aperture provided in the oscillator envelope.
The other elbow provides a groove seat for a bifurcated
crystal mounting plate support having elastic character-
istics. The mounting plate is resilient in the vibrating
direction of the crystal and perpendicularly thereto.
Mounted in the oscillator envelope in substantial align-
ment with weighted tine ends of the crystal is a pair of
opposed dampers which enhance the impact-resistance
characteristics of the oscillator. Also mounted in the
oscillator envelope is a ground pin for preventing a
short-circuit thereof.

12 Claims, 6 Drawing Figures
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Re. 29,429

1
OSCILLATOR FOR A TIMEPIECE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

This invention relates to an improved quartz crystal
oscillator for a timepiece, and more particularly, the
instant invention relates to a bifurcated mounting plate
for a tuning fork-type crystal vibrator employed
therein.

In prior timepiece devices which employ oscillators
including a quartz crystal vibrator, the vibrator element
has been suspended on wire supports within a hermeti-
cally sealed oscillator envelope. The wire supports have
been connected to the sealed oscillator terminal tag.
This mounting is troublesome, costly, enlarges the over-
all size of the oscillator, and requires considerable as-
sembly skill. Alternatively, the crystal vibrator has been
mounted in parallel to the oscillator terminal tag on a
finger extending upwardly therefrom within the oscilla-
tor envelope. However, it has been necessary to pro-
vide the crystal vibrator element with opposed notches
for thereby making the vibrator tines independent of
each other. The notches are difficult to make and
weaken the crystal, thereby making it incapable of with-
standing severe external shock.

There is, therefore, a need for a compact, impact-
resistant oscillator and a vibrator mounting therefor
which is inexpensive, easy to manufacture, capable of
withstanding severe external shock, and which may be
employed in a compact oscillator.

SUMMARY OF THE INVENTION
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Generally speaking, in accordance with the inven- 40

tion, an improved, compact, impact-resistant quartz
crystal oscillator is provided for a timepiece. The oscil-
lator comprises a substantially flat hermetically sealed
envelope, a terminal tag provided with a contact pin
fixedly mounted in-the envelope, and a support therefor
comprising a substantially annular support member
provided with an annular rib on the periphery thereof
defined between opposed elbows therein. One of the
elbows defines a groove with perpendicular abutment
surfaces which abut a continuous edge of an aperture
provided in the envelope for the oscillator terminal tag
and contact pin mounted therein. The other elbow pro-
vided in the annular support defines a groove having
perpendicular abutment surfaces for thereby supporting
a bifurcated crystal mounting plate provided at one end
with an annular aperture received on the annular sup-
port.

In particular, the novel bifurcated mounting plate 1s
provided with a laterally extending substantially per-
pendicular flange engaged with a continuous edge of a
tuning fork-type crystal seated thereon. Bifurcations in
the mounting plate and tines of the crystal extend unidi-
rectionally and respective bifurcations of the plate are
in predetermined spaced relationship with respect to
opposed tines of the crystal.

Ends of the respective tines of the crystal are
weighted for a selected, predetermined crystal fre-
quency. Mounted in the oscillator envelope in substan-
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tial alignment with the weighted tine ends of the crystal
is a pair of opposed dampers which enhance the impact-
resistance characteristics of the oscillator. Also
mounted in the oscillator envelope is a ground pin for
preventing a short-circuit thereof.

Accordingly, it is an object of this invention to pro-
vide an improved oscillator for a timepiece.

Another object of the invention is to provide a novel
bifurcated mounting plate for a tuning fork-type crystal
vibrator mounted in a timepiece oscillator.

A further object of the invention is to provide in 2
timepiece oscillator a mounted crystal vibrator which
maintains an optimum Q value.

Still another object of the invention is to provide a
mounting for the vibrator element within an oscillator
which is capable of withstanding severe external shock.

Still other objects and advantages of the invention
will, in part, be obvious and will, in part, be apparent
from the specification.

The invention accordingly comprises the features of
construction, combinations of elements, and arrange-
ment of parts which will be exemplified in the construc-
tions hereinafter set forth, and the scope of the inven-
tion will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
is had to the following description taken in connection
with the accompanying drawings, in which:

FIGS. 1 and 2 are perspective views of prior art oscil-
lators and conventional mountings for the vibrator ele-
ment therein;

FIG. 3 is a top plan view of an improved oscillator
constructed in accordance with the invention;

FIG. 4 is a sectional view of the improved oscillator
shown in FIG. 3;

FIG. 5 is an exploded perspective view of the tuning
fork-type vibrator mounted in the improved oscillator
shown in FIGS. 3 and 4; and

FIG. 6 is an exploded perspective view of the novel
bifurcated mounting plate on which the tuning fork-
type crystal vibrator shown in FIG. § is mounted in the
improved oscillator of the instant invention, as shown in

FIGS. 3 and 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1 and 2 show conventional mountings for tun-
ing fork-type quartz crystal vibrators in conventional
timepiece oscillators. In FIG. 1, a tuning fork-type crys-
tal vibrator 1 is mounted on terminal tag 4 within the
hermetically sealed oscillator envelope by respective
suspension wires 2 and 3. The suspension wires are
connected to respective tines of the vibrator element.

Referring now to FIG. 2, a tuning fork-type vibrator
element 5 is secured to finger 6 mounted on the oscilla-
tor terminal tag and extending upwardly therefrom and
laterally thereacross. The envelope for the oscillator 1s
hermetically sealed to the terminal tag. A pair of op-
posed coaxial notches 7 is provided in the base of vibra-
tor 5 for thereby providing that respective mounted
shoulders and the base of the vibrator secured to oscilla-
tor finger 6 are independent of vibrations which occur
through the vibrating tines of crystal 5, In particular,
the shoulders and base of the vibrator are secured to a
planar face of finger 6 and vibrator element 5 1s ar-
ranged substantially perpendicular to finger 6 thereon.
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As hereinbefore set forth, the prior art oscillator em-
bodiment shown in FIG. 1 is difficult to fabricate, bulky
and delicate; while the prior art oscillator embodiment
shown in FIG. 2 is incapable of withstanding severe
external shock, and moreover, opposed coaxial notches
T provided in crystal § are difficult to make.

Referring now to FIGS. 3-6, a tuning fork-type crys-
tal vibrator 8, preferably of quartz, is mounted in her-
metically sealed oscillator envelope 33 on a novel bifur-
cated mounting plate 11 having elastic characteristics
and preferably fabricated of phosphorous bronze, beryl-
lium copper, or spring steel. The suitable material may
be stamped and press formed to the configuration
shown particularly in FIG. 6.

Oscillator 53 comprises a substantially flat hermeti-
cally sealed envelope 33 including underlying-overly-
ing annular sections 26 and 28 each provided with a
continuous rim, respectively 27 and 29, along which
sections 26, 28 are engaged for thereby forming a con-
tinuous exteriorly extending flange 52. Sealed sections
26, 28 provide a housing for the oscillator components
and define a substantially annular interior cavity
wherein the components are mounted. A terminal tag
21 provided with a contact pin 28§ is fixedly mounted in
envelope 33 in a support 34 therefor, comprising a sub-
stantially annular support member 35 provided with an

annular rib 22 on the periphery thereof defined between
opposed elbows 23, 24 therein. Elbow 23 defines a

groove with perpendicular abutment surfaces 36, 37
which abut a continuous edge of an aperture 38 pro-
vided in envelope section 26 for oscillator terminal tag
21 and contact pin 25 mounted therein.

Elbow 24 provided in annular support 34 defines a
groove having perpendicular abutment surfaces 39, 40
for thereby supporting bifurcated crystal mounting
plate 11 which is provided at one end thereof with an
annular aperture 18 received on annular support 34.
Annular support member 35 1s provided with an annular
through hole in which terminal tag 21 1s mounted.

Bifurcated mounting plate 11 is provided with a later-
ally extending substantially perpendicular flange 14
engaged with a continuous edge 41 of tuning fork-type
crystal 8 seated thereon. Bifurcations 42, 43 in mounting
plate 11 and tines 44, 45 extend unidirectionally and
respective opposed bifurcations 42, 43 of mounting
plate 11 are in predetermined spaced relationship with
respective contiguously extending tines 44, 45 of crystal
8.

Ends of the respective tines 44, 45 of crystal 8 are
provided with weights 9 and 9’ for a selected, predeter-
mined crystal frequency. Mounted 1n oscillator enve-
lope 33 in substantial alignment with the weighted tine
ends of crystal 8 on respective envelope sections 26, 28
are a pair of opposed dampers 30, 31 which enhance the
impact-resistance characteristics of the oscillator. Also
mounted in the oscillator envelope 33 is a ground pin 32
for preventing a short circuit thereof.

Referring particularly to FIG. §, tuning fork-type
vibrator 8 may be fabricated by suitably cutting a selec-
tively dimensioned vibrator from a plate pellet. Prefera-
ble dimensions may be understood by reference to FIG.

5, wherein

A 15 1.35 mms,

B 1s 0.5 mms, and

C 1s 6.00 mms.

Chromium and gold are deposited on the cut crystal
and the deposits thereof may be removed by suitably
employing a laser beam which has a select, predeter-
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4

mined path. The laser path determines the configuration
of a pair of contiguous electrodes 10 and 10’ formed on
the crystal surface. It has been found that the use of a
laser beam along a predetermined path for electrode
formation is highly satisfactory for forming electrode
configurations and improves the efficiency of the elec-
trode forming process. Moreover, the electrodes may
be formed on the crystal surface without deleterious
effect on the vibrating characteristics of the crystal as
compared with conventional methods for electrode
formation whereby the electrodes are formed by peel-
ing off deposited chromium and gold along a predeter-
mined electrode configuration line. Additionally, ac-
cording to conventional methods for electrode forming,
corners of the crystal are either shaved or scraped to
remove the deposited gold and chromium, or masked
with a tape or nonconductive paint before deposition of
the gold and chromium.

After deposition of the chromium and gold on the
crystal surface, ends of tines 44, 45 are weighted by
placing thereon weight members 9,9' which may be of a
suitable metallic or nonmetallic substance, such as, for
instance, gold plating, wax, organic adhesive and the
like. Weight members 9,9 are placed on tines 44, 435 for
the purpose of regulating the frequency of crystal 8. For
example, a predetermined frequency value may be ob-
tained by removing a small but effective amount of the
substance from which weight members 9 and 9’ are

fabricated, for instance, by a laser beam applied thereto
after a coarse regulation of the crystal frequency and
after the crystal is mounted in the oscillator. Therefore,
by utilizing laser corrections, the accuracy of the oscil-
lator as a time standard can be remarkably improved.
Since laser corrections of the crystal frequency can be
performed after the crystal is mounted, the crystal fre-
quency can be accurately measured and suitably fine-
tuned after the crystal is mounted on envelope section
26. The effect of weight members 9,9’ is most prominent
when the dimension B of crystal 8 i1s 1.55 mms or less.

Referring now to FIG. 6 which shows a bifurcated
mounting plate 11 having elastic characteristics and
which provides a mounting support for vibrator 8. Bi-
furcated mounting plate 11 may be suitably fabricated
of phosphorous bronze, beryllium copper, spring steel,
and like materials. A flat plate thereof may be press
formed to the suitable configuration shown in FIG. 6.
Mounting plate 11 has substantially a U-shape including
a rounded shoulder 50 and bifurcations 42 and 43. Prox-
imate rounded shoulder 50 thereof is an annulus 18
defined by a continuous perimeter 31 of plate 11. Aper-
ture 18 is substantially circular and is registered with
annular support member 35 whereby perimeter 53 en-
gages the groove defined by elbow 24 for abutting sur-
faces 39, 40 and mounting plate 11 overlies rib 22 for
thereby supporting bifurcated mounting plate 11 on
support 34 such that bifurcated mounting plate 11 is
substantially parallel to the end walls of envelope sec-
tions 26, 28 and a distance S from the end wall of enve-
lope section 26.

Mounting plate 11 contain an interior configured slot
running therethrough and interiorly through closed
bifurcations 42 and 43 thereof.

Bifurcations 42 and 43, therefore, comprise continu-
ous ribs 12 and 12’ provided with arcuate closed ends.
Interior sections of rib members 12 and 12’ are inte-
grally connected to a substantially flat plate member 13
on which crystal 8 is carried by plate 11. Crystal 8 may
be fixedly mounted on flat plate member 13 of plate 11




S

by providing the underside gold-chromium plated sur-
face thereof with a suitable wax or organic adhesive.

Integrally connected to the opposite end of flat plate
member 13 is a flange 17 arranged substantially perpen-
dicular thereto. Interiorly located within flange 17 i1s a
slot 15 which eliminates a bent portion 14 in flange 17
for thereby assuring that substantially perpendicular
portion 16 of flange 17 provides a backrest for continu-
ous end 41 of crystal 8.

As best seen in FIGS. 3 and 4, continuous ribs 12 and
12’ have resilient characteristics in the parallel and per-
pendicular directions relative to the vibrating direction
of crystal 8, The spring constant of ribs 12 and 12’ 1s
preselected based upon the predetermined weight of the
crystal to provide that the vibrating crystal 8 and enve-
lope therefor are effectively independent of vibrations
impacted thereagainst. When crystal 8 is dimensioned as
hereinbefore set forth, then the width D of sections of
ribs 12 and 12’ is preferably 0.2 mms and the height
thereof as shown by dimension E is preferably 0.15
mims.

When crystal 8 and bifurcated mounting plate 11
therefor are dimensioned as hereinbefore set forth, crys-
tal 8 is not deleteriously affected by impacts to oscillator
53 and the vibrating Q value thereof remains substan-
tially at an optimum value. The impact-resistance and
high Q value of the vibrating crystal are attributable to
the design of ribs 12 and 12’ wherein ribs 12 and 12’ are
resilient both in parallel and perpendicular directions
relative to the vibrating direction of crystal 8, To render
the oscillator even more impact-resistant, dampers 30
and 31 of silicon or like material may be provided on the
interior surfaces of envelope sections 26 and 28 in align-
ment with weighted ends of tines 44, 45 of crystal 8.

In the sequence of fabrication, crystal 8 may be se-
cured to plate 11 by application thereto of an organic
adhesive or wax. Plate 11 with crystal 8 mounted
thereon is mounted on support 34 by registration of
aperture 18 therein. As best seen in FIG. 3, fine lead
wires 20 and 20’ respectively connect electrodes 10 and
10" of crystal 8 with respective contacts 28 and 25’
After the frequency of crystal 8 is optimally regulated,
as hereinbefore set forth, envelope sections 26 and 28
are welded along respective engaged rim portions
thereof 27 and 29 to form a single oscillator flange. The
oscillator constructed in accordance with the invention
may be secured to a timepiece by a suitable registration
of contacts 25 and 25° and ground pin 32 in appropriate
socket apertures provided therefor.

It will thus be seen that the objects set forth above,
among those made apparent from the preceding de-
scription, are efficiently attained and, since certain
changes may be made in the above constructions with-
out departing from the spirit and scope of the invention,
it i1s intended that all matter contained in the above
description or shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting
sense.

It 18 also to be understood that the following claims
are intended to cover all of the generic and specific
features of the invention herein described, and all state-
ments of the scope of the invention, which, as a matter

of language, might be said to fall therebetween.
What 1s claimed 1is:
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1. An improved oscillator for a timepiece comprising 65

a hermetically sealed oscillator envelope for housing
oscillator components therein, a terminal tag mounted
in said envelope being carried by a support therefor,

6

contacts fixedly mounted in said terminal tag and ex-
tending exteriorly of said envelope housing, a tuning
fork-type crystal vibrator mounted in said envelope,
and a mounting means therefor carried on said terminal
tag support, said means including bifurcations charac-
terized by resilience in the vibrating direction of said
crystal and perpendicularly thereto, said terminal tag
support comprising a substantially annular support
member, an annular rib on the periphery thereof, and a
pair of opposed elbows therein, one of said elbows de-
fining a groove having perpendicular abutment surfaces
for abutting a continuous edge of an aperture provided
in said oscillator envelope and said other elbow defining
a groove having perpendicular abutment surfaces for
thereby supporting said mounting means, said annular
support member having a through hole in which said

terminal tag is mounted.
2. The improved oscillator as claimed in claim 1,

including a weight member overlying each time of said
crystal and proximate the end thereof, each of said
weight members being fractionally removable for selec-
tively tuning respective tines of said crystal to a prede-
termined, selected frequency, said weight members
being coplanar and constituted of gold plating, wax, or
organic adhesive.

3. The improved oscillator as claimed in claim 2,
including a pair of opposed dampers provided on the
interior surfaces of respective sections of said hermeti-
cally sealed envelope, said dampers being substantially
aligned and in substantial alignment with said weight
members overlying respective tines of said crystal.

4. The improved oscillator as claimed in claim 2,
including a ground pin mounted in said envelope and
extending exteriorly thereof, said ground pin being
arranged substantially in parallel with said contacts.

5. The improved oscillator as claimed in claim 1
wherein said hermetically sealed oscillator envelope
includes an underlying and an overlying annular sec-
tion, each of said sections having a continuous rim along
which said sections are engaged for thereby forming a
continuous exteriorly extending envelope flange, said
engaged sections providing a housing for oscillator
components and defining a substantially annular interior

cavity wherein components are mounted.
6. The improved oscillator as claimed in claim 1,

wherein said mounting means has elastic characteristics
and a thickness of up to 0.5 mms.

7. The improved oscillator as claimed in claim 6
wherein said crystal vibrator mounted on said mounting
means has a thickness of up to 1.5 mms.

8. The improved oscillator as claimed in claim 1, said
mounting means comprising a substantially planar plate
having a U configuration including a rounded shoulder
and a pair of substantially parallel bifurcations, said
rounded shoulder having an annulus defined therein by a
continuous perimeter of said plate, said annulus being
registrable with said annular support member whereby
said plate perimeter engages said groove defined by said
other elbow for abutting said perpendicular surfaces
defined thereby and said plate member overlying said
rib of said support for thereby supporting said bifur-
cated plate on said support, said bifurcated plate being

arranged substantially parallel to end walls of said oscil-
lator envelope and a predetermined distance form one

of said end walls.

9. The improved oscillator as claimed in claim 8, said
mounting means further including an interior config-
ured on slot running therethrough and interiorly
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through arcuate closed bifurcations thereof, said bifur-
cations thereby comprising a pair of parallel arcuate
continuous ribs provided with arcuate closed ends, said
ribs having respective interior sections thereof inte-
grally connected to a substantially flat plate member on
which said crystal is carried by said plate.

10. The improved oscillator as claimed in claim 9, said
substantially flat plate member including an integrally
connected flange substantially perpendicular thereto,
said flange having an interiorly located slot for thereby
eliminating a bent portion thereof for thereby assuring
that its perpendicular section provides a backrest for a
continuous end of said crystal.

11. A hermetically sealed quartz crystal tuning fork
vibrator assembly particularly for use as a time standard in
an oscillator circuit comprising in combination a flexural
mode tuning fork quartz crystal vibrator having two sub-
stantially opposed planar surfaces and being adapted to
vibrate in a first vibratory direction substantially parallel to
said surfaces, and a mounting plate having a first portion
including a substantially flat surface, the flat surface being
secured to one of said opposed surfaces at a non-vibratory
portion of said tuning fork vibrator, said mounting plate

10

15

including a second portion mounted to a reference mem-
ber, said mounting plate having a resilient portion interme-
diate said first and second portions, said resilient portion
being formed of two substantially U-shaped spring-like
elements, a first leg of each element being connected to said
second portion and the other leg of each U-shaped spring-
like element being adapted to vibrate in said first vibratory
direction and to further vibrate in a second vibratory direc-
tion at an angle of about 90° with respect to said first
vibratory direction.

12. A hermetically sealed quartz crystal vibrator assem-
bly as claimed in claim 11, wherein said reference member
includes a hermetical terminal having leads and said as-
sembly includes means for electrically coupling said her-
metically terminal leads to said vibrator, said hermetical
terminal being further formed with an annular projection,
said second portion of said mounting plate being shaped as
a collar and adapted to be secured around said annular

20 projection, said first leg of each said U-shaped spring ele-
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ments being connected to substantially diametrically oppo-

site ends of said collar portion.
¥ & = &
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